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- PURPOSE:To provide a combined concrete panel excellent in load carrying capacity and 
deformability, by placing columnar steel-fiber concrete layers and ordinary concrete layers around 
them between a pair of face-to-face steel sheets. 

- CONSTITUTION:Columnar steel-fiber concrete layers 23B and ordinary concrete layers 23A are 
placed between a pair of face-to-face steel sheets 20A, 20B. provided with anchor members 20a, 20b 

and with girder webs 21 at a required spacing, so that the ordinary concrete layers 23A are located 

around the steel-fiber concrete layers 23B. This results in providing a combined concrete panel. To 

manufacture the panel, partition cylinders 25 are inserted in between the steel sheets 20A, 20B, the 

steel-fiber concrete x is placed in the partition cylinders 25 and the ordinary concrete is placed around 

the cylinders. Before the concrete has completely solidifed, the partition cylinders 25 are pulled out 

and vibration is applied to th concrete by a vibrator to adapt both the concrete layers 23A, 23B to 

each other to provide the combined concrete panel which is protected from oblique tension cracking 

and sharp rupture and has high deformability. a r>i r- AAOV 
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COMBINED CONCRETE PANEL AND 
MANUFACTURING METHOD 
THEREFOR 




PURPOSE: To provide a combined concrete panel excellent in load carrying capacity and 
deformability, by placing columnar steel-fiber concrete layers and ordinary concrete layers 
around them between a pair of face-to-face steel sheets. 

CONSTITUTION: Columnar steel-fiber concrete layers 23B and ordinary concrete layers 
23A are placed between a pair of face-to-face steel sheets 20A, 20B provided with anchor 
members 20a, 20b and with girder webs 21 at a required spacing, so that the ordinary 
concrete layers 23A are located around the steel-fiber concrete layers 23B. This results in 
providing a combined concrete panel. To manufacture the panel, partition cylinders 25 are 
inserted in between the steel sheets 20A, 20B, the steel-fiber concrete x is placed in the 
partition cylinders 25 and the ordinary concrete is placed around the cylinders. Before the 
concrete has completely solidifed, the partition cylinders 25 are pulled out and vibration is 
applied to th concrete by a vibrator to adapt both the concrete layers 23A, 23B to each - 
other to provide the combined concrete panel which is protected from oblique tension 
cracking and sharp rupture and has high deformability. 
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SPECIFICATION 

1. Title of the Invention: 

CONCRETE COMPOSITE PANEL AND MANUFACTURING METHOD THEREFOR 

2. Claims 

1. A concrete composite panel characterized by - 
comprising a columnar steel fiber concrete layer and an 
ordinary concrete layer therearound between a pair of 
opposing steel plates. 

2. A manufacturing method for a concrete composite 
panel, characterized in that a partition cylinder is 
disposed between a pair of opposing steel plates, wherein 
steel fiber concrete is poured into the partition cylinder, 
ordinary concrete is poured between the partition cylinder 
and the steel plates, and the partition cylinder is then 
pulled out. 

3. Detailed Description of the Invention 

The present invention relates to a concrete composite 
panel and a manufacturing method therefor, and an object 
thereof is to propose a concrete composite panel having a 
large load bearing capacity and high def ormability , and to 
an effective manufacturing method therefor. 

As shown in Fig. 1, a concrete composite panel 
includes a plurality of girder webs (2) between a pair of 
mutually opposing steel plates (1) and a concrete layer (4) 
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anchored by anchor members (3) is sandwiched between the 
pair of steel plates (1) . In the known composite panel,, 
the concrete layer (4) is composed of an ordinary concrete, 
that is, concrete that has a sufficient strength and that 
is mixed with gravel (or aggregate) having an. appropriate 
fineness modulus. Structural features of the composite 
panel include: 

(1) Since the panel has a relatively high dead weight, when 
it is used as a structural material of a large marine 
structure, it is capable of exhibiting ballast effects for 
offsetting buoyancy. 

(2) The panel has a high def ormability and hence maintains 
a large amount of absorbed energy until it breaks down. 

(3) Since the steel plates are disposed on the outer 
surfaces, even when cracking has occurred in the internal 
concrete layer, it does not diminish waterproofing property. 
.(4) Since block- j ointing construction primarily uses a 
welding process, the panel results in exhibiting high 
reliability . 

To investigate the strength properties of the 
composite panel, the present inventors prepared a girder 
model having a unitary width and performed load testing. 

Fig. 2 shows a case where a girder model (5) receives 
a combined load of a bending load and a shear load. An 
arrow (7) indicates a load direction. A crack occurrence 

2 




state in this case is shown in Fig. 4. . As are apparently 
shown in Fig. 4, cracks (X) occurred from the anchor member 
positions of a concrete layer (8), wherein arches are 
individually formed as cracks each develop in an oblique 
direction at 45°, and the loads are thus born. When the 
load further increased, breakdown occurred at a buckling of 
a compression-side steel plate (9A) following breakdown in 
partial regions (10) of a concrete layer (8) and breakage 
of a tension-side steel plate (9B). From the above, it can 
known that in a sandwich-type composite structure, high 
loads are finally born according to arch effects, and the 
def ormability can be increased by large deformation of the 
tension-side steel plate. 

Fig. 3 shows a case where a girder model (11) 
primarily receives a shear load. An arrow (13) indicates a 
load direction. A crack occurrence state in this case is 
shown in Fig. 5. With the load being exerted, cracks (Y) 
occurred from the vicinities of the positions of the anchor 
members, and the cracks individually develop in an oblique 
direction at 45°. Thereby, arches are formed in the girder 
model (11), and the load is born until a high load is 
reached. When the load further increases, abrupt cracks 
(Z) occurred in a concrete layer (14) because of oblique 
tension attributed to shearing. Resultantly, the concrete 
layer (14) was crushed, and the girder model (11) collapsed. 
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However, the def ormability before the collapse, occurs is 
sufficiently high, and the amount of absorbed energy is 
large. 

The concrete layers (8) and (14) of the girder models 
(5) and (11) described using Fig. 2 to Fig. 5 are 
individually formed of ordinary concrete described above. 
The breakdown state of the girder model in which mortar 
(concrete without gravel) or low-strength^ concrete was used 
instead of the ordinary concrete was as described hereunder 
When a load was exerted/ cracks corresponding to the cracks 
(Y) occurred. Cracks corresponding to the cracks (Z) 
occurred with a low load being exerted, the girder model 
abruptly broke down. That is, the girder model broke down 
with oblique tension without forming an arch. Moreover, 
substantially no def ormability was observed, and the 
concrete layer did not crush. * 

The crack occurrence states are considered different 
from each other for reasons as described hereunder. 

(1) As shown in Fig. 6, in a case where concrete (15) 
appropriately contains aggregate (or, gravel) (16), 
specifically, in a case where the fineness modulus is high, 
even when cracks corresponding to the cracks (Y) occurred, 
engagement effects of inter-aggregate (16) pieces took 
place in a crack face (17). In this case, a certain amount 
of shear force propagates even on the crack face (17). 
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(2) As shown in Fig. 7, while oblique tension can 
cause a preliminary microcrack (Zi) corresponding to the 
crack (Z), the aggregate (16) pieces work as crack 
arresters, hindering growth or development of the crack. 

(3) Even with concrete containing the aggregate (16), 
when the strength thereof is low, also the tensile strength 
and the adhesion between the aggregate (16) pieces and 
cement are low, as a matter of course. Accordingly, the 
effects described in (1) and (2) are reduced. 

The final breakdown of the girder model receiving the 
shear load is caused by the cracks (Z), that is, the 
oblique tension cracks. As such, it is considered that 
since the concrete improves in tensile strength with steel 
fiber being mixed thereinto, thereby enabling the shear 
strength to increase for resisting oblique tension cracks. 
In practice, the tensile strength of concrete can be 40-50% 
improved by the steel fiber. 

Fig. 8 shows load vs. displacement relationships in a 
case where the steel fiber is mixed and a case where the 
steel fiber is not mixed. In the figure, a solid line (a) 
indicates the characteristics of ordinary concrete, and a 
dotted line (b) indicates the characteristics of steel 
fiber concrete. In addition, (Pi) and (P2) individually 
indicate collapsing points of the cases.- It can be known 
from this figure that when the steel fiber of 1.5% by 
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volume is mixed into the concrete, the final strength of 
the concrete is increased by 22% , and the rigidity thereof 
becomes twice as high. As such, while the steel fiber 
concrete can be said to be a very superior structural 
material, the def ormability thereof is reduced by 
approximately 20% compared to the ordinary concrete. As a 
result of the experiment, in the girder model using the 
steel fiber concrete, while cracks corresponding to the 
cracks (Y) occurred, the widths of the cracks were small. 
However, cracks corresponding to the cracks (Z) abruptly 
occurred, resulting in collapse of the girder model. In 
addition, the elongation of the tension-side steel plate is 
low, therefore substantially not causing displacement. 
Reasons therefor are considered as described hereunder. 

(1) While the steel fiber much works to increase the 
tensile strength of the concrete, the ratio between the 
steel material and the concrete is increased, thereby 
restraining cracks corresponding to the cracks (Y) . 
Accordingly, the above avoids energy absorption attributed 
to aggregate engagement in the position of the cracks (Y) . 

(2) Since the cracks corresponding to the cracks (Y) 
are restrained, elongate deformation of the tension-side 
steel is restrained. 

(3) Since cracks corresponding to the cracks (Y) do 
not sufficiently develop, no arch is formed. As such, 
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significant shear deformations, that is, oblique tensions, 
occur in the concrete. 

It can be known from the above that the matters 
described hereinbelow should be taken into consideration 
when building a structure superior in load bearing capacity 
and def ormability . 

(1) To render the concrete to resist a high load, an 
arch should be formed, and the tension strength of the arch 
should be increased (in order to ^resist oblique tension 
cracks) . 

(2) To increase the def ormability , the concrete needs 
to be rendered to cause cracks corresponding to the cracks 
(Y) . 

(3) The aggregate engagement effects of the face of 
the crack corresponding to the crack (Y) are effective for 
energy absorption; therefore, the effects should be taken 
into consideration. 

The present invention is made taking the aspects 
described in (1) to (3) into consideration, and an . 
embodiment thereof" will be described" hereinbelow with 
reference to Fig. 9 to Fig. 11. 

Fig. 9 shows a concrete composite panel. Symbols 
(20A) and (20B) denote steel plates containing respective 
anchor members (20a) and (20b) . A plurality of girder webs 
(21) are provided with predetermined spaced intervals 
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between the pair of steel plates (20A) and (20B) , and the 
concrete layers (22) are formed in units of a portion 
surrounded by the pair of steel plates (20A) and (20B) and 
the pair of mutually adjacent girder webs (21) and (21) . 
The pair of steel plates 20A and 20B are thus disposed such 
that the obverse and reverse surfaces thereof are mutually 
opposite via the concrete layer (22) being sandwiched 
thereby. The concrete layer (22) is formed to include an 
ordinary concrete layer (23A) and a steel fiber concrete 
layer (23B) . The steel fiber concrete layer (23B) is 
formed columnar in a central portion of the portion 
surrounded by the pair of steel plates (20A) and (20B) and 
the pair of girder webs (21) and (21); and the ordinary 
concrete layer (23A) is formed of peripheral portions 
thereof. In the concrete composite panel, the concrete 
layer (22) is anchored by the anchor members (20a) and 
(20b) . In addition, steel fiber concrete having a tensile 
strength two times higher than that of the ordinary 
concrete is disposed in critical portions wherein oblique 
tension cracks are predicted to occur when 
positive/negative loads are exerted. As such, oblique 
tension cracks are hindered to occur, and a high load can 
be born. Since the steel fiber concrete of 1.5% by volume 
does not have a compressive strength beyond 1.2 times 
higher compared to the ordinary concrete, the layer (23B) 
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need not be extended to the compressive region. For 
example, with posit ive/negative loads being exerted, two 
types of cracks (Ci) and (C 2 ) occur in the concrete layer 
(22), as shown in Fig. 11. However, the two types of 
cracks (Ci) and (C 2 ) do not provide influences when the 
individual loads are exerted. Specifically, while the 
crack (Ci) is occurring, the crack (C 2 ) is closed to form a 
compressive region arch. An oblique tension cracks is 
hindered by the steel fiber concrete (28B) not to occur or 
is restrained thereby. Consequently, the concrete 
composite panel described above does not cause abrupt 
breakdown and has high def ormability . 

A manufacturing method will now be described 
hereinbelow. As shown in Fig. 10, the plurality of girder 
webs (21) are disposed between the pair of steel plates 
(20A) and.(20B) (for example, they are fixed by welding to 
the steel plates (20A) and (20B) ) with predetermined spaced 
intervals. A form thus built is disposed so that a spacing 
(24) surrounded by the pair of steel plates (20A) and (20B) 
and the pair of mutually adjacent girder webs (21) and (21) 
is formed to be vertically long. Then, a partition 
cylinder (25) (a steel pipe, for example) is inserted in 
the spacing (24) to be positioned in a central portion 
thereof. In this state, steel fiber concrete is poured 
into the partition cylinder (25) . Additionally, ordinary 




"concrete is poured into peripheral portions of the 
partition cylinder (25) . The pouring sequence may be 
optionally determined. Before the concrete hardens, the 
partition cylinder (25) is pulled out, and border faces are 
mutually engaged by using a vibrator or the like onto outer 
surfaces of the steel plates (20A) and (20B) . 

As is apparent from the above description, the 
present invention enables the concrete composite panel 
superior in load bearing capacity and def ormability to 
easily be provided. 

4. Brief Description of the Drawings 

Fig. 1 is a sectional perspective view of a 
conventional example; Fig. 2 and Fig. 3 are girder-model 
perspective views; Fig. 4 and Fig. 5 are explanatory views 
of crack occurrence states; Fig. 6 and Fig. 7 are 
explanatory views of engagement effects; Fig. 8 is a view 
showing a load vs. displacement relationship; and Fig. 9 to 
Fig. 11 shows an embodiment of the present invention, Fig. 
9 being a sectional perspective view, Fig. 10 being an 
explanatory view of a manufacturing method, and Fig. 11 
being an explanatory view of a crack occurrence state. 

(20A), (-20B) : steel plate; (20a), (20b): anchor 
member; (21) : girder web; (22) : concrete layer; (23) : steel 
fiber concrete layer; (23A) , (23B) : ordinary concrete 
layer; (24A) , (24B) : border face; (25) partition cylinder; 
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(26) : partition plate; (27) : closing plate 
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